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0 Flexible trocar tuba 

0 A trocar assembly that includes a resiliently 
flexible trocar tube (12) having a relatively low bend- 
ing stiffness and an inherent memory causing it to 
retum to a generally straight orientation. The trocar 



tube is made from a flat-wire stainless steel reinforc- 
ing spring member (42) that is encased in an insulat- 
ing elastomeric material. 
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Held Of The Invention 

This invention generally relates to surgical in- 
struments. More particularly, the invention relates 
to a trocar assembly for providing communication 
into an anatomical cavity, that includes a flexible 
trocar tube. 

Background Of The Invention 

A trocar assembly is a surgical instrument that 
Is used to gain access to a body cavity. A trocar 
assembly generally comprises two major compo- 
nents, a trocar tube and an obturator. The trocar 
tube is inserted through the skin to access a body 
cavity through the tube in which laparoscopic or 
arthroscopic surgery and endoscopic procedures 
are to be performed. In order to penetrate the skin, 
the distal end of the trocar tube is placed against 
the skin and an obturator is inserted through the 
tube. The obturator has a sharp point or cutting 
edge at its distal end. By applying pressure against 
the proximal end of the obturator, the sharp point is 
forced through the skin until it enters the body 
cavity. The trocar tube is inserted through the 
perforation made by the obturator and the otsturator 
is withdrawn, leaving the trocar tube as an access- 
way to the body cavity. Examples of trocar assem- 
blies are disclosed in U.S. Patent No. 4,535,773. 

Trocar tubes have heretofore generally been 
made from a rigid material. It is desirable to pro- 
vide a trocar tube that permits curved, benX, flexible 
and/or articulating instruments to pass thereth- 
rough. It is also desirable that such a trocar tube 
be capable of bending at least 90 degrees and 
inherently retuming to its straight position. It is 
further desirable that the trocar tube be electrically 
insulated to facilitate its use with electrical instru- 
ments such as cautery instruments. 

There is a need for a trocar assembly having a 
resiliently flexible trocar tube that has an inherent 
memory causing it to return to a generally straight 
orientation. The flexible trocar tube should also be 
insulated and exhibit high hoop stiffness to resist 
collapse or distortion as external loads are applied. 

Summary Of The Invention 

In accordance with the principles of the present 
invention, a trocar assembly is provided that in- 
cludes a resiliently flexible trocar tube having a 
relatively low bending stiffness and an inherent 
memory causing it to return to a generally straight 
orientation. The trocar tube exhibits a high hoop 
stiffness to resist collapse or distortion of its cross 
section as external, loads are applied. 

In accordance with a pretended embodiment of 
the invention, the trocar tube is made from a flat- 



wire stainless steel reinforcing spring havlr^ close- 
ly spaced , coils. The spring is encased in an in- 
sulating elastomeric material. In accordance with an 
alternative embodiment, the spring may be made 
5 from a non-metallic material. The cross section of 
the trocar tube may be round or oval. 

Brief Description Of The Drawings 

10 A more complete appreciation of this invention, 
and many of the attendant advantages thereof, will 
be readily apparent as the same becomes better 
under^stood by reference to the following detailed 
description when considered in conjunction with the 

75 accompanying drawings in which like reference nu- 
merals indicate the same or similar components, 
wherein: 

FIG. 1 is a cross-sectional view of an exemplary 
trocar assembly that includes a flexible trocar 
20 tube constructed in accordance with the present 
invention; and 

FIG. 2 Is an enlarged cross-sectional view of a 
portiori of the trocar tube shown in FIG. 1 . 

25 Detailed Description Of The Preferred Embodi- 
ments 

Referring to FIG. 1, there is shown a trocar 
assembly 10 that includes a flexible trocar tube 12 

30 constructed in accordance with the invention. The 
particular construction of the trocar assembly does 
not fonm a part of the invention and the disclosure 
thereof is merely for exemplary purposes. Atter- 
native trocar assemblies that may Incorporate a 

35 flexible trocar tube 12 are disclosed in EP-A- 
474124. 

Trocar assembly 10 includes a trocar tube 12, 
an obturator 14, and a housing or handle 16. Trocar 
tube 12 defines an interior lumen 18 having an 

40 open distal end 20 and an open, flanged proximal 
end 22. The proximal end 22 extends into and is 
mounted in handle 16. The proximal end of ttie 
handle is formed with an aperture 28 that is sur- 
rounded by a sealing gasket ring 30 of known 

45 configuration. 

An obturator 14 is slideably and removably 
extendable within trocar tube 12 and is inserted 
into handle 16 and trocar tube 12 tiirough aperture 
28. An obturator handle 32 is provided at the 

50 proximal end of the obturator and a sharpened 
point or blade 34 is formed at the distal end 
thereof. 

As is well known in the art, trocar assembly 10 
is used to puncture a hole in soft tissue by posi- 
65 tioning the point 34 of the obturator 14 against the 
tissue, and pressing . against the obturator handle 
32. The obturator point 34 breaks tiirough ttie inner 
surface of the tissue and the trocar tube 12 is 
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directed into the body cavity. After the puncture is 
made, the obturator 14 is withdrawn from th.e trocar 
tube 12 by handle 32. 

Referring to FIG. 2, there is shown a portion of 
a flexible trocar tube 12 constructed in accordance 
with a prefen-ed embodiment of the invention. 
Trocar tube 12 is formed from a sleeve 40 made of 
a flat-wire stainless steel reinforcing spring having 
closely spaced coils 42. The reinforcing spring Is 
encased in a sheath 44 made of an insulating 
elastomeric material, such as polyurethane or the 
like. The inner and outer surfaces of coils 42 are 
preferably encased in sheath 44. 

The selection of the particular material and 
construction of the reinforcing sleeve 40 and the 
material of the sheath 44 is such that trocar tube 
12 has sufficient flexibility to permit it to bend at 
least dbouX 90 degrees while substantially maintain- 
ing its cross sectional shape in the bent portion of 
the tube. The resiliency of tube 12 is such that it 
has an Inherent memory causing It to return to a 
generally straight orientation upon removal of tiie 
bending force applied thereto. The bending stiff- 
ness of tube 12 is preferably relatively low so that 
a low bending force is required to cause tube 12 to 
achieve a curved or bent orientation. It Is highly 
desirable that tube 12 have a sufficiently high hoop 
stiffness to resist collapse or distortion of Its cross 
section as expected external loads are applied. In 
accordance with a prefenred embodiment, the ef- 
fective Young's Modulus of tube 12 Is at least 
about 800,000 psi when measured in the hoop 
direction. 

There are many design variables that contri- 
bute to the resiliency, bending stiffness and hoop 
stiffness properties of tube 12. Among such vari- 
ables are the particular material, the shape, the 
thickness and the pitch of tiie wire coil 42. Addi- 
tionally, the properties of tube 12 are effected by 
the particular material of sheath 44 and the duro- 
meter thereof. 

The flexible sleeve member 40 may be made 
from a flat-wire reinforcing spring made from a 
metallic material such as stainless steel. Alter- 
natively, sleeve member 40 may be made from a 
suitable thermoplastic material that is invisible to X- 
rays. The cross section of the coils 42 may be 
either generally flat or round. The cross section of 
sleeve 40 may be round or oval. 

In use, trocar tube 12 is directed into the 
patient's body cavity in a straight orientation in a 
well known manner as discussed above. Insertion 
of a fixed curved shaft or articulated instilments 
into tube 12 causes the tube to t»end as necessary 
to accommodate tiie passage of the instrument 
therethrough. The encased inner surface, of tube 12 
facilitates the passage and the manipulation of tiie 
Instrument. Upon removal of the Instrument from 



tube 12, it returns to Its generally straight orienta- 
tion ready for receipt of another instrument or for 
removal from the patient. 

From the foregoing, it will be observed that 

5 numerous modifications and corrections can be 
effected without departing from the tiue spirit and 
scope of the novel concepts of the present inven- 
tion. It will -be understood that no limitation with 
respect to the specific emtx)diment illustrated here- 

70 In is intended or should be infenred. It is, of course, 
intended to cover by tiie appended claims all such 
modifications as fail within the scope of the claims. 

Claims 

16 

1. A trocar assembly for providing communication 
into an anatomical cavity, comprising: 

a b'ocar tube defining an interior lumen 
having an open proximal end portion and an 

20 open distal end portion for accommodating axi- 
al reciprocation of an elongate implement of 
lesser cross-sectional dimension therethrough, 
said trocar tube being fomned of a resiiientiy 
fiexible sleeve member having a relatively low 

25 bending stiffness and an inherent memory per- 

mitting it to bend upon application of a bend- 
ing force and causing it to retum to a generally 
straight orientation upon removal of the bend- 
ing force. 

30 

2- The trocar assembly as defined in claim 1 
wherein said ti'ocar tube has an effective 
Young's Modulus of at least about 800.000 psi 
when measured in the hoop direction to pro- 
35 vide a means for maintaining the cross sec- 

tional shape of said sleeve member. 

3. The trocar assembly as defined In claim 1 
wherein said flexible sleeve member is a re- 

40 inforcing spring member having closely 

spaceid coils. 

4. The trocar assembly as defined in claim 3 
wherein said reinforcing spring member is 

46 made fi'om generally flat wire. 

5. The trocar assembly as defined In claim 3 
wherein said reinforcing spring member is 
made fi^om generally round wire. 

50 

6. The trocar assembly as defined In claim 3 
wherein said reinforcing spring member is a 
metallic material. 

55 7. The trocar assembly as defined in claim 3 
wherein said reinforcing spring member is 
stainless steel. 
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8. The trocar assembly as defined in claim 3 
wherein said reinfQrcing spring member is a 
non-metallic material. 

9. The trocar assembly as defined in claim 3 e 
wherein said reinforcing spring member is en- 
cased in an elastomeric material. 

10. The trocar assembly as defined in daim 9 
wherein said elastomeric material covers the io 
inner surface and the outer surface of said 
reinforcing spring member. 

11. The trocar assembly as defined in claim 10 
wherein said elastomeric material extends be- is 
tween said coils. 

12. The trocar assembly as defined in claim 9 
wherein said elastomeric material is polyure- 
thane. so 

ia The trocar assembly as defined in claim 1 
wherein the bending stiffness said trocar tube 
cooperate to permit said trocar tube to bend at 
least about 90 degrees. ss 
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